 The "domestication syndrome" predicts dogs to be less alert than wolves.
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Introduction
The adaptations of wild species to the anthropogenic environment seem to result in domesticated animals that are less alert and sensitive towards their environment than their wild ancestors (Herre, 1981; Künzl & Sachser, 1999; Price, 1984) . Wild animals need to find food, shelter, and mates, and, therefore, have to explore and cope with new and potentially dangerous environments and situations. For domesticated animals, however, risks have shifted as their environment is controlled by humans. As a result, they might be less alert to their environment and being neophobic or explorative may be less important for their fitness and survival. (Kaiser, 2015; Price, 1984) .
One example supporting this idea is experimental data showing that dogs (Canis lupus familiaris) were generally less neophobic, but also considerably less interested in novelty (i.e. spend less time exploring objects) in their environment than wolves (Canis lupus; Moretti et al., 2015) . As wolves seem to be more sensitive towards (changes in) their environment than dogs, they might generally be more alert towards their environment than dogs. Also, domestic guinea pigs seem less attentive towards their environment than wild cavies. When the behaviour of these animals was compared under standardized conditions wild cavies showed more orienting behaviour and were more explorative than domestic guinea pigs (Künzl et al., 2003; Künzl & Sachser, 1999) . Similar results were obtained when comparing wild and domesticated rats.
Likewise, it took wild rats much longer to explore a new environment than domesticated rats (Stryjek et al., 2012) . Wild junglefowl also explore novel environments longer than domesticated chickens do, in addition they show more pronounced alert behaviour (i.e. walk alert versus stand alert) and vocalize more in response to a (stimulated) predator attack than its domesticated form (Schütz et al., 2001 ). Hence, wild animals compared to their domesticated forms seem to be more sensitive to changes in their environment.
The reduction in alertness of domesticated species may be related to a general downregulation of the basal activity and reactivity of the two stress response systems, the A C C E P T E D M A N U S C R I P T hypothalamic-pituitary-adrenocortical (HPA) system -responsible for the regulation of stress hormones (e.g. glucocorticoids; Creel et al., 2013) -and the sympathetic-adrenalmedullary (SAM) system. These systems are controlled by the autonomic nervous system (ANS) and are activated to mobilize energy in order to respond appropriately to environmental challenges (Künzl et al., 2003; Künzl & Sachser, 1999) . Actually, the domestic guinea pigs in our previous examples, were not only less attentive to their environment compared to wild cavies, but it was also shown that the reactivity of both their HPA and SAM systems was reduced (Künzl & Sachser, 1999) . We suggest the same difference between wolves and dogs.
Wolves are the closest living relatives of dogs (Botigué et al., 2017; Frantz et al., 2016; Pang et al., 2009; Skoglund et al., 2015; Thalmann et al., 2013) . During domestication, dogs have diverged from wolves in many ways, including ecology and behaviour (Axelsson et al., 2013; Kotrschal, 2018; Marshall-Pescini et al., 2017; Range & Viranyi, 2014) . Dogs live as a human family member and also exist free-ranging (Bonanni & Cafazzo, 2014; Miklósi & Topál, 2013) , but usually still in human-dominated environments (Coppinger & Coppinger, 2001) . Wolves tend to avoid close contact with humans and are more cooperative when hunting, taking care of offspring, and defending of territory (Mech & Boitani, 2003) than feral dog packs would be (Bonanni & Cafazzo, 2014) . And wolves generally hunt, whereas free-ranging dogs mainly scavenge on human refuse (Marshall-Pescini et al., 2017) .
In wolves, immediate survival may directly depend on alertness (Marshall-Pescini et al., 2017) ; wolves need to be particularly sensitive towards the detection of prey, competitors, or foe. Dogs mostly live in human environments, where for (pet) dogs food, shelter, and safety are normally provided. But, even free-ranging dogs mainly rely on human refuse as a source of food which is predictable in when and where it becomes available (seasonally constant/fixed location; Marshall-Pescini et al., 2017) . Hence, humans buffer the interactions between dogs and their environment (Frank, 1980 ) -although to varying degrees -and might thereby decrease the necessity of dogs to maintain high alertness, also during resting.
Actually, most animals rest; the most relaxed form of resting is sleep. Sleep can be defined as a state of rapidly reversible behavioural quiescence and reduced sensitivity to sensory stimuli (Siegel, 2008) , with the following behavioural criteria: (1) a speciesspecific body position, (2) prolonged behavioural inactivity, (3) increased stimulus threshold for arousal, and (4) rapid behavioural reversibility when aroused (Flanigan et al., 1973) . In mammals and birds two different stages of sleep are distinguished: rapid eye movement (REM) sleep and non-REM (NREM) sleep, while other animals seem to show a single type of sleep (Schmidt, 2014) . Actually, behaviour alone may not be sufficient in determining whether an animal is sleeping or not. In fact, there are several intermediate states along the continuum between being awake and being asleep (Campbell & Tobler, 1984) . An animal at rest, for example, could be described as behaviourally quiescent, but still responsive to sensory stimuli (Siegel, 2008) . Hence, rest could be regarded as an intermediary state between being awake and sleeping, but is behaviourally similar to sleeping as resting can also include closed eyes and can be continuous without falling asleep.
Several terms and definitions have been proposed to characterize the states of activation on the sleep-wake continuum, including arousal, alertness, attention, and vigilance (see Oken et al., 2006 for review) . Generally, waking up from sleep or arousal increases the levels of alertness and, thereby, decreases the threshold to respond to external or internal stimuli (Cooper, 1994; Pfaff et al., 2008; Tomlin & Villa, 1994) . Arousal includes non-specific activation of the cerebral cortex of the brain (Lindsley, 1988; Oken et al., 2006) and triggers the ANS (Cooper, 1994; Pfaff et al., 2008 ). Razmjou (1996 actually defined arousal as: "a hypothetical construct that represents the level of central nervous system activity along a behavioural continuum ranging from sleep to alertness." Attention is a specific aspect of alertness, it is more focussed, and employs specific brain systems; it can be used interchangeably with vigilance or sustained attention (Lindsley, 1988; Oken et al., 2007) .
Besides the electroencephalogram (EEG), eye movements and the activity of the ANSas indicated by heart rate (HR) and/or heart rate variability (HRV; Koella, 1982; Oken et al., 2006; Siegel, 2009; Viola et al., 2011) -are frequently used as physiological correlates of the level of activation along the sleep-wake axis. Lendrem (1984) , for
example, determined increased vigilance during sleep via the peeking -i.e. eyes opening -rate of doves exposed to a predator just prior to a sleeping bout. Several species of duck and the Black-tailed godwit also have shown greater than normal vigilance when sleeping in potentially dangerous places or in relatively small groups (Dominguez, 2003; Gauthier-Clerc et al., 1998 Gauthier-Clerc & Tamisier, 2000) . Hayes et al. (1994) found that increased vigilance in awake Bighorn sheep was positively correlated with HR. In humans reductions in vigilance during a driving test came with decreased HR (Schmidt et al., 2009 ) and increased HRV, indicating relaxation (Mackie & O'Hanlon, 1977; O'Hanlon & Kelly, 1977; Riemersma et al., 1977) . In dogs HR decreases and HRV increases from wakefulness to sleeping (Varga et al., 2018) . Hence, the degree of attentiveness and being ready for action generally correlates well with the tonus of the SAM system; i.e. a reduction in the activity of the SAM system corresponds to a decrease in alertness (Künzl & Sachser, 1999) .
In general, parasympathetic activity increases with resting and the onset of sleep, resulting in a comparatively low HR and high HRV; also, through deeper and rhythmic respiration a sinus arrhythmia (RSA; i.e. a sinusoid change of HR with breathing in and out) is produced at the onset of sleep (Oken et al., 2006) . During periods of NREM sleep, cardiac activity is relatively stable and remains under dominant vagal control, while sympathetic activity is reduced (Cabiddu et al., 2012; Chouchou & Desseilles, 2014; Coote, 1982; Vanoli et al., 1995; Viola et al., 2011) . In contrast, REM sleep is associated with fluctuations in parasympathetic and sympathetic control, causing rapid changes in HR and HRV (Cabiddu et al., 2012; Coote, 1982; Lanfranchi et al., 2007; Monti et al., 2002) ; the levels of this variability seem to be species-specific (Coote, 1982) . In fact, substantial differences in sleep patterns have been found between closely related species (Aulsebrook et al., 2016; Lesku et al., 2008; Siegel, 2005) . This suggests an adaptive nature of these patterns, related to species-specific ecologies and lifestyles; however, there is not much evidence in support of this hypothesis (Siegel, 2005 (Siegel, , 2009 ).
So, comparing resting between wolves and dogs may provide new insights in this direction because of their shared common ancestry, but differences in social-ecology.
Hence, we examined potential differences in states of activation along the sleep-wake continuum (i.e. alertness) in similarly raised and kept, and therefore, fully comparable,
pack-living wolves and dogs in order to investigate whether differences in their socioecology would align with their levels of alertness at rest. We compared alertness in two different behavioural conditions: (1) inactive wakefulness, and (2) resting. We decided to use the broader term resting instead of sleeping in the behavioural definitions, because it is difficult to determine if an animal is asleep just by observing its behaviour (Campbell & Tobler, 1984) . HR and HRV were used as physiological correlates of alertness, i.e. as indicators of sympathetic/parasympathetic activity. To help us determine the most likely periods of proper relaxation in the resting condition, we selected only periods where we could identify patterns with a regular respiratory sinus arrhythmia in the HR, as this is normally produced at the start of a sleep cycle (Oken et al., 2006) . As domesticated animals are suggested to be less alert to their environment than their wild relatives (Herre, 1981; Künzl & Sachser, 1999; Price, 1984) , we hypothesized that alertness in both the (1) awake (and alert) and (2) resting state would be higher (e.g. higher HR, lower HRV) in wolves than in dogs, also correlating with a lower arousal threshold than dogs.
Methods

Ethical approval
All animals participating in this study were housed at the Wolf Science Center 
Subjects
This study involved 6 wolves (Canis lupus) and 6 dogs (Canis lupus familiaris; Table   1 ). All wolves and dogs were hand-raised at the Wolf Science Center from 10 days of age till 5 months old. Then they were integrated into already existing packs. For more information about the general raising and upbringing of our animals see Range & Virányi (2014) . The subjects were between 2.0-6.5 years of age when being testedwolves: mean (SD) = 3.6 (1.7); dogs: mean (SD) = 3.3 (0.5).
The wolves were fed with carcasses of deer, rabbit, or chicken 3-4 times a week, while the dogs were fed with Royal Canine® Medium Adult dry food daily, which was regularly enriched with small pieces of deer, rabbit, or chicken. The wolves and dogs also received daily vet and obedience training and cooperated in a number of behavioural tests on a weekly basis; all animals were used to working in separation from their pack members. Participation was always voluntarily and rewarded by pieces of beef, sausage, or Royal Canine® German Shepard dry food. Water was available ad libitum to all wolves and dogs in their home enclosures, but was also available in the separate enclosures during testing. All animals were kept in packs in enclosures ranging between 2000-8000 m 2 in size, with natural landscape including trees, bushes, shelters, and natural objects such as stones, branches, and tree trunks. was recorded and saved. The belt was placed around the chest of the animals just behind the shoulder blades, while making sure that the transmitter was placed over the heart for optimal transmission of the HR signal. The logger was placed on a collar around the neck of the animals. All wolves and dogs received positive reinforcement training prior to the experiments to wear this HR monitor. Also, for improvement of signal transduction from the heart to the electrodes, the fur between skin and electrodes was wetted with 70% ethanol. This method was validated for dogs against the electrocardiogram (ECG; Essner et al., 2013 Essner et al., , 2015 Jonckheer-Sheehy et al., 2012) .
Heart rate variability (HRV) in this study was expressed as: the root mean square of successive differences (RMSSD), as this is normally used for short-term HRV analysis (for RMSSD details see von Borell et al., 2007) .
. Experimental conditions
We analysed cardiac output as a measure of alertness in 2 different behavioural conditions: (1) inactive wakefulness, and (2) Animals were observed by a human experimenter and video-taped between 45 minutes and 1 hour, depending how quickly they relaxed. In one session Chitto was only observed for 30 minutes, because he relaxed immediately. In three other sessions the animals were observed longer than 1 hour (Kilio and Nanuk: 1.5 hours, Meru: 2 hours)
to make sure we observed resting behaviour long enough.
Data selection
HR patterns during sleep are characterized by a regular respiratory sinus arrhythmia (RSA; Oken et al., 2006) in both dogs (Hamlin et al., 1966) and wolves (Kreeger et al., 1990) , i.e. consistent and regular HR increases with inspiration and decreases with (Figs. 2C, D) . In both wolves and dogs, the RSA seems to dampen during (non-moving) wakefulness as other sensory input might also influence HR (Haddad et al., 1984; Kreeger et al., 1990; Figs. 2A, B) . In red foxes similar HR changes have been observed (Kreeger et al., 1989) . So, the HR recordings were checked for this pattern and were found within one video recording, only a single one was randomly selected for analysis. Subsequently, in all the selected HR data files, HR was error-corrected using the AVEC-method; the confidence level used for outliers was set to 75% (see Schöberl et al., 2015 for details). Normally, HR files containing more than 5% errors are excluded (von Borell et al., 2007) . In our case, the only file that had more than 5% errors (Tala: 5.9%) was included in the analysis for comparability, the more as it underwent the same error correction procedure as all other files.
Statistical analyses
The response variables mean HR and RMSSD were both analysed in separate linear mixed effect (LME) models in which: (1) subspecies (wolf or dog), (2) condition (inactive wakefulness or resting), (3) body mass, (4) timing of session (morning or afternoon), and (5) temperature, were included as fixed factors. Due to the circadian rhythm of sleep-wake patterns, the wolves and dogs might be more active during some parts of the day; hence, timing of the session (morning or afternoon) was included in the model. Although, we measured the HR parameters of the wolves and dogs in different years, we considered temperature a more appropriate parameter to represent the environmental conditions during testing than season; hence, temperature was included FIGURE 2: One minute HR patterns of an awake (and alert), but inactive wolf (A) and dog (B), and a resting wolf (C) and dog (D) with respiratory sinus arrhythmia patterns.
in the models as a fixed factor. Animal identity (1), (2) sex, and (3) session number (1 or 2), were added as random effects in all models. Animal identity was included as a random factor to account for repeated measures. Sex was added to control for any effects of sex on the data, as there was not enough data to statistically test for it.
However, as the variance explained by the factor sex was zero in both global models, it was excluded as a random factor. Session number (1 or 2) was added to account for the fact that the measurements were selected out of one period of recording on the same day. The mean HR data was altered with a reciprocal transformation (and multiplied by a 1000) and the RMSSD data with a square root transformation to induce a better homogenization of the variance.
Then, we investigated if the time it took (latency) the wolves and dogs to first show the behaviour inactive wakefulness was different between the two subspecies. Possibly the wolves or dogs relax faster, causing a lower HR. Hence, we measured the period of time from the beginning of the baseline measurement (i.e. all humans except the observer left and the observer was not moving) till the required behaviour was first observed. A LME model was then calculated with the time till behaviour inactive wakefulness 1 st occurred as response variable and subspecies (wolf or dog), timing of session (morning or afternoon), and temperature as fixed factors. Animal identity and sex were included as a random factor; however, sex was excluded in the global model (see above).
The wolf in Fig. 2 showed a higher respiratory rate (RR) in the resting condition than the dog. Hence, to examine if this difference indeed manifested on the group level and influenced HR, we analysed the respiratory rate (RR) per minute of the wolves and the dogs. RR was calculated by counting the number of peaks (e.g. number of peaks of wolf in Fig. 2 = 21 ) in the HR data files and averaging them over a minute. Consequently, we ran an LME model with as random factor animal identity (sex was excluded; see above). Fixed factors included: (1) subspecies (wolf/dog) and (2) body mass.
The global models of our four response variables (mean HR, RMSSD, time till behaviour 1st occurred, and RR) were then standardized to help interpret their (modelaveraged) estimates as the input variables were measured on different scales (Grueber et al., 2011) . These models were then reduced to find the best model fit and ranked using
the corrected Akaike Information Criteria (AICc) -the AICc is used when sample sizes are small (Burnham et al., 2011) . Subsequently, the ΔAICc was calculated by subtracting the lowest AICc from the AICc of each candidate model and Akaike weights were computed, as well. These measures were used to identify the model with the strongest support. However, also models with a ΔAICc less than 2 were retained (Burnham & Anderson, 2002; Burnham et al., 2011; Symonds & Moussalli, 2011) .
Hence, only models with a ΔAICc less than 2 are reported ( Table 2) . For three of our responses variables multiple models with a ΔAICc < 2 were found, i.e. for the response variables mean HR, RMSSD, and time till behaviour 1 st occurred. For each of these models the factors were averaged to determine which of the fixed effects had the strongest effect on the different response variables (full-model averaging; Nakagawa & Freckleton, 2011; Grueber et al., 2011) . We considered fixed effects to affect the response variables "significantly" if their 95% confidence intervals did not include zero (Grueber et al. 2011 ) and were deemed important (Table 3) . Statistical analyses were carried out in R (version 3.0.3; R Core team), using the packages: arm, car, lme4, lmerTest, and MuMIn. 
Results
Cardiac parameters
Subspecies (i.e. wolf or dog), condition, and timing of the session were the three factors identified as important by the model-averaged results in explaining the mean heart rate (HR; Table 3A ). The wolves had a lower HR than the dogs, both in the inactive and the resting condition ( Fig. 3A; see Fig. 4A , B for individual HR). Also, the animals measured in the morning generally seemed to have a lower HR than those measured in the afternoon. Body mass did not affect the HR.
The heart rate variability (HRV) models -expressed as the root mean square of successive differences (RMSSD, see above) -showed an effect of subspecies and condition (Table 3B) : the wolves showed a higher RMSSD than the dogs in both the alert, but inactive and the resting condition ( Fig. 3B ; see (Table 3B) . (Table 3C ). The factor subspecies was not even included in the top-ranked models (Table 2C) . Actually, the selected models do not seem to improve their AICc compared to the null model much (i.e. intercept model; Table 2C ). Hence, these models do not seem explain the variation of this response variable better than the corresponding null model (Burnham & Anderson, 2002) . Thus, we could not find a difference with regard to how fast the wolves or dogs were to lie down (Fig. S1 ).
To exclude the possibility that the HR differences in the resting condition between the wolves and dogs were caused by differences in their respiratory rate (RR), we investigated if the RR was influenced by either the subspecies and/or their body weight. However, the model with the best fit regarding the RR only included the intercept or random effects (Table 2D) . Hence, no effect of the subspecies (Fig. S2) or body mass was found on the RR.
Discussion
In contrast to our predictions, we found that the wolves not only had a lower heart rate (HR) than the dogs in the inactive wakefulness and resting conditions, but also a higher heart rate variability (HRV). Hence, the wolves might not only have been less alert (i.e.
showed less sympathetic activation) than the dogs when they were resting, but also when they were awake, but inactive. This is surprising, as we expected wolves to be more alert than dogs, because they seem to live in a potentially more challenging environment.
It is generally assumed that the wild forms of species are generally more alert and sensitive towards their environment (Here, 1981; Künzl & Sachser, 1999; Künzl et al., 2003) than their domesticated counterparts -this was already part of Darwin's (1859) "domestication syndrome". This was found to be true for wild cavies versus domestic
guinea pigs, where also the basal activity of the sympathetic-adrenal-medullary (SAM) system was reduced in the latter (Künzl & Sachser, 1999) . However, the basal activity of the hypothalamic-pituitary-adrenocortical (HPA) system showed no such difference.
Similarly, the basal corticosterone levels in chickens and their wild relative the red junglefowl did not differ (Fallahsharoudi et al., 2015) . Yet, in rats (Albert et al., 2008) and white-backed munia (Suzuki et al., 2012) basal corticosterone levels were lower in the domesticated strains. Likewise, basal cortisol levels were lower in silver foxes selected for tameness (Trut et al., 2009 ). Hence, it seems that domestication affects the stress response systems in various domesticated animal species differently (Wilkins et al., 2014) , potentially also depending on the socio-ecological environment these animals were exposed to during domestication (Kaiser et al., 2015) .
Early dogs probably cooperated with humans in hunting, guarding, and herding (Clutton-Brock, 1995) . Nowadays, dogs are employed in a much wider range of tasks, e.g. search and rescue work, various kinds of assistance, including pedagogy and therapy, or simply social companion (Kotrschal, 2016 (Kotrschal, , 2018 Miklósi, 2007) . Most of these tasks include prolonged monitoring, particularly of people, and generally, vigilance towards the environment (Adams & Johnson, 1993 , 1995 Helton, 2009 ). In fact, dogs are well able to follow ostensive referential communicative cues (Reid, 2009; Topál et al., 2014) , e.g. gazing or pointing (Gácsi et al., 2009; Soproni et al., 2002; Virányi et al., 2008) , are sensitive to the attentional states of humans (Call et al., 2003; Schwab & Huber, 2006) , and seem to be able to discriminate between basic human emotions (Buttelmann & Tomasello, 2013; Müller et al., 2015) . Hence, dogs may have experienced a selective pressure towards keeping high levels of alertness, i.e. to be ready for action when needed, even when resting. Actually, while humans generally do not wake up after rapid eye movement (REM) sleep, dogs do wake up following active sleep (Adam & Johnson, 1993) , giving them the opportunity to be more alert towards their surroundings after a period of reduced responsiveness. In contrast to dogs, that need to stay individually focused on human demands, alertness in wolves might be shared between pack members via asynchronous sleep-wake cycles. This decreases individual investment (i.e. metabolic energy) into vigilance, while at the same time increases safety.
The "human factor" in the dogs' environment may also be more inconsistent and unpredictable -due to individual differences in attitudes, personalities, etc. -than the socio-ecological environment of wolves. For example, dogs living with "extrovert" owners show relatively high baseline cortisol levels and are seemingly more stressed than dogs living with a "neurotic" and more caring owner which reveal lower levels of baseline cortisol. Hence, personalities and life styles of owners potentially affect HPA modulation in their dogs (Kotrschal et al., 2009; Schöberl et al. 2017) . In fact, irregular human activity suppresses or disturbs sustained sleep in dogs (Adams & Johnson, 1993) . In rats unpredictable husbandry procedures caused less active waking, less deep sleep, and increased disruptive REM sleep, e.g. decreases in the time to the first REM period and increases in the total time of REM sleep and number of behavioural transitions during REM sleep (Cheeta et al., 1997) . Actually, humans seem to have evolved towards short but high intensity sleep (with a high percentage of REM sleep) of about 7 hours per day (Samson & Nunn, 2015) . Humans are powerful social "Zeitgeber" for their dogs which tend to sleep when their owners do (Wells, 2009); also, the sleep patterns of dogs seem to coincide with those of their humans (Lucas et al., 1977) . We, therefore, suggest that living together with humans might have resulted in dogs that sleep shorter and lighter -i.e. in a state of chronically elevated alertness and maintaining lower arousal thresholds -and with a greater number of REM bouts than wolves, which remains to be shown. So, the adaptation of dogs' resting patterns might have evolved in parallel to that of humans -analogous to the adjustments of humans and dogs towards a starch rich diet (Axelsson et al., 2013) .
The higher alertness of dogs might also increase survival in free-ranging dogs, which may be up to 80% of dogs worldwide (Hughes & Macdonald, 2013; Lord et al., 2013) .
In contrast to pet dogs, their interactions are not so much mediated by humans, but, humans seem to be a major cause of free-ranging dog mortality (Paul et al., 2016) .
Hence, even free-ranging dogs depend on humans and the possible threats in the human-dominated environment to free-ranging dogs may be more severe than those in the natural environment of wolves (Frank, 1980) . This may contribute to the selection for high alertness in dogs, the more as free-ranging dogs rely less on their pack members than wolves do (Marshall-Pescini et al., 2017) . Wolf alertness might in fact be more context-specific than dog alertness. For example, wolves showed more interest in A C C E P T E D M A N U S C R I P T novel objects than dogs, but were also more neophobic (Moretti et al., 2015) . If wolves encounter unfamiliar items in their environment these can potentially be dangerous (Peterson & Ciucci, 2003) . Dogs, on the other hand, live in the domain of human culture since early prehistory (Skoglund et al., 2015) , coming with an ever increasing diversity of artefacts and, hence, seem to be easier habituated to such objects than wolves.
In the resting condition our wolves and dogs were probably in a state of low-attention drowsiness. This stage is also described as the "transition to sleep stage" (Wauquier et al., 1979) or "light sleep" (Mitler & Dement, 1977) . Actually, drowsiness seems to include eye movements, i.e. opening and closing of the eyes (Kis et al., 2014; Wauquier et al., 1979) , besides a relaxed body position on the ground. Although, not observed in all our wolves and dogs, most animals during the resting condition did open their eyes occasionally. It was not always easy to observe the eye movements of the animals as the view was blocked by fence and vegetation in the test enclosures. Wauquier et al. (1979) actually only scored light non REM (NREM) sleep if eyes were not moving (Wauquier et al., 1979; Yasuma et al., 1997) ; hence, our animals were most likely in state of lowattention drowsiness.
In fact, most resting data was collected from animals within 2 minutes after they closed their eyes, when a state of low-attention drowsiness is most likely to occur. The duration of a drowsiness episode for dogs was estimated between 1.2-2.4 minutes (Table S2 ; Mitler & Dement, 1977; Wauquier et al., 1979 Wauquier et al., , 1981 , after which the NREM sleep stage normally commences (Lucas et al., 1977) . However, these ranges were collected from dogs kept indoors, partially at night and from animals kept in kennels. As the data in this study was collected outdoors, from animals living exclusively outdoors, stimulus enhancement in the form of visual or auditory signals from their own or other pack members might have caused the drowsiness state to last longer in the wolves and dogs; also, because data was collected during the day.
Therefore, a comparison of normal pet dogs with our socialized wolves may have revealed even more extreme differences. Furthermore, the outdoor environment might also have resulted in an increase in the latency to first show NREM sleep. In other studies, the minimum period of time for NREM sleep to commence was about 30-60 (Table S2 ; Kis et al., 2014; Wauquier et al., 1981) . As our recordings were on average 1 hour long, the animals might not have had time to fall into NREM sleep.
Our cardiac results seem to support this idea. In the resting condition, we found a mean HR (SD) of 66.6 (4.0) beats per minute (bpm) in the wolves and 82.7 (13.2) bpm in the dogs (Fig. 3A) . When Kreeger et al. (1990) recorded HR of four wolves during sleepdefined as: "lying down with eyes closed" -the wolves showed a resting HR of 56 bpm.
So, based on the HR alone, our wolves may have been only lightly asleep during the rest periods we recorded. Generally, studies examining the resting cardiac activity of dogs tend to be hard to compare because of inconsistencies in the description of their resting behaviour. Noszczyk-Nowak et al. (2009) and Blake et al. (2018) , for example, had dog owners rate the behaviours of their dogs, while Wyatt & Mitchell (1974) just reported the HR of dogs "lying quietly". The resting HR of our dogs seems to fall within the range of the average HRs found in beagle dogs during the night (Matsunaga et al., 2001; Miyazaki et al., 2002; Nakagawa et al., 2009) , and was somewhat higher than the HRs measured of 25 pet dogs during the night (Blake et al., 2018) . However, one cannot be sure these dogs were actually asleep or resting. The minimum averages reported (Matsunaga et al., 2001; Olsson et al., 2004) seem to be moderately lower than our results, assuming that in these periods the dogs were actually asleep. Also, the reported RMSSD by Blake et al. (2018) is higher than found in our dogs. Only a single study reported HR values of dogs in combination with EEG sleep stage recordings (Varga et al., 2018) . They found an average HR of around 61 bpm on the first occurrence of the drowsiness state, which was significantly higher than that of their NREM and REM sleep stages. This is slightly lower than found in our dogs, although Varga et al. (2018) measured HR of pet dogs sleeping inside a room with only their owner present.
Actually, most domesticated animals, including dogs, are considered to spend a considerable proportion of their time in a state of low-attention drowsiness (Campbell & Tobler, 1984) . But, without an electroencephalogram (EEG) the exact sleep stage (e.g. REM, NREM) remains uncertain, mainly because behavioural proxies alone might under-or overestimate sleep parameters (Aulsebrook et al., 2016) . However, as we identified patterns with a regular respiratory sinus arrhythmia in the HR for the resting
state, typically seen during sleep, we are confident that the animals were in a high state of relaxation when measuring their cardiac parameters. As the respiratory rate (RR) could influence heart rate, we also investigated the RR of the wolves and dogs, but did not find differences. The mean RR (SD), 17.1 (4.7) breaths/min, of our wolves does seem to be within the range described by Kreeger et al. (1988 Kreeger et al. ( , 1990 in "sleeping" wolves, i.e. lying down with eyes closed (12-19 breaths/min). For dogs the general sleeping RR is suggested to be below 30 breaths/min. However, an extensive study by Rishniw et al., (2012) examined the RR of 114 pet dogs and found a mean RR (SD) of only 14 (3) breaths/min with a maximum RR of 23 breaths/min, while the resting RR was higher (19 breaths per minute). Hence, like the wolves, our dogs, 16.3 (3.9) breaths/min, seem to be around the averages found for dogs.
It has been suggested that an (inverse) association between physiological parameters (e.g. HR and RR) and body mass exists in dogs, i.e. smaller dogs should exhibit a higher HR than larger dogs. Yet, we did not find an effect of body weight on the HR, RMSSD, and RR of the wolves and dogs which conforms with the results of several other studies (Ferasin et al., 2010; Lamb et al., 2010; Nganvongpanit et al., 2011; Rishniw et al., 2012) , even though the body mass in some of these studies ranged from 1.3-80 kg (Ferasin et al., 2010) . Hezzell et al. (2013) in their meta-study did conclude that in dogs age, breed, disease status, and also body mass influenced HR (negative correlation).
However, these parameters only explained a minor part of the variation in HR found.
Hence, it seems that body mass generally has a limited effect on HR and autonomous nervous system (ANS) activity (Cruz Aleixo et al., 2017) . Other parameters seem to be more important in explaining HR patterns, as also our data suggests.
Finally, we are aware that our findings remain tentative as they are based on a limited sample size. Still, we think that the identical raising and keeping conditions of the wolves and dogs that participated in this study provide a unique base for a fair comparison of their resting state. Currently, additional studies are carried out to further investigate the causes for the differences in alertness found between the wolves and dogs and in which the environmental factors are better controlled in the different conditions, e.g. including the presence and absence of a familiar human.
In conclusion, we suggest that the increased alertness of the dogs during rest, in comparison to the wolves, may be the result of adaptations towards their different socioecological environments, which has probably shaped their physiology.
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